In Holstein calves, noradrenaline (NA) was injected subcutaneously at a dose of 0.1mg/kg at 1, 8, 18,30 and 45 days of age, and the changes in rectal temperature, packed cell volume (PCV) and plasma free fatty acid (FFA), glucose and lactate levels were measured. NA-injection caused increases in all these measurements. An increase in rectal temperature was highest in 8-days old calves, and an elevation in PCV and FFA level was higher in older calves. At 1-day old, plasma lactate level was higher than thereafter, and NA-induced elevation in glucose level was sustained continuously. NA-induced elevation in plasma glucose level was larger in younger than older calves. There was no significant relationship between changes in rectal temperature and plasma metabolite levels after NA injection.
Thermoregulation in cold climate is primarily brought about by a reduction of heat loss and an increase of heat production (thermogenesis). The latter, i. e., cold-induced enhancement of metabolism in body tissue is called chemical thermoregulation.
During sudden cold exposure, most increase of metabolic activity is brought about by shivering due to rhythmic muscular contraction, and, however, an increased heat production is also observed without shivering (so called nonshivering thermogenesis) in many animals1,2). It has been recognized that this nonshivering thermogenesis is operated in brown adipose tissue predominantly by the calorigenic effect of noradrenaline (NA) which is released from the tissue's sympathetic innervation2,3)
However, the relative importance of NA-induced thermogenesis in neonate varies with species3), and the informations on the postnatal transition of metabolic response to NA are limited in calves. In the present experiment, NA was injected subcutaneously to 1-45 days old calves, and the changes in rectal temperature and blood metabolite levels were estimated.
Materials and . Methods
Four newborn male Holstein calves (43-52kg) were used. They were fed 6kg of whole milk twice daily till 45 days of age, except 4kg daily during the first 10 days in 2 calves whose live weight at birth were 43kg, and hay was fed ad libitum.
Responses to NA injection were studied at 1(23-27hrs),8,18,30 and 45 days of age. At 1-day of age, the calves had already suckled colostrum from their dams, so they were transferred to individual calf pens 6-8hrs before the experiment. In the morning of other stages of experiment, the calves were fed no milk.
A polyethylene cannula was inserted into the jugular vein 2-3hrs before the experiment. NA (dl-Noradrenaline, Sankyo Co. Tokyo) was injected subcutaneously at a dose of 0.1mg/kg body weight. Samples of venous blood were taken into the heparinized tube through the cannula before and after the injection for 2hrs at 15 minutes intervals. Blood samples were immediately placed in ice bath. Blood plasma were deproteinized quickly for lactate estimation, and the remaining part of the plasma samples (Hours after NA inj.)
Changes in rectal temperature, PCV and plasma metabolite levels following subcutaneous injection of NA 0.1mg/kg.
Each point represents a mean from 4 calves.
was kept frozen untill the analysis. Plasma glucose, free fatty acid (FFA) and lactate were analyzed as previously reported4). Packed cell volume (PCV) was determined by microhaematocrit capillary tube. Rectal temperature was also measured simultaneously at blood sampling using veterinary thermometer.
Results
The calves grew normally, and showed a weight gain of 20-25kg during the 45 days' period. The average of minimum climatic temperature during the present study
Two calves showed a sign like sneezing and polypnoea after NA injection at 1-day of age, probably due to temporary pulmonary congestion. Such sign was not observed thereafter.
As shown in Fig. 1 , NA injection caused increases in rectal temperature, PCV, plasma glucose, FFA and lactate levels. And those maximum increases after NA injection are shown in Table 1 . An increase in rectal temperature was larger at 8-days of age than any other stages. At 1-day of age, PCV was elevated scarcely by NA injection. Plasma FFA level was elevated sharply after NA injection, and it reached maximum level within 30 minutes in many cases. An elevation in FFA level was higher than thereafter. Elevation in lactate level after NA injection was larger at 1-8 days than 18-45 days of age. And at the latter stages, the recovery of elevated lactate level was dilatory. Glucose level reached maximum within 15-30 minutes and was followed by a progressive decrease except in 1-day calves, in which glucose level showed to increase progressively till 2 hours after the injection. Elevation in plasma glucose level was highest at 18-days and lowest, at 45 days of age.
Regression analysis of the data showed a weak correlation between the rectal temperature increase and any plasma metabolite level after NA injection, i. e., on the change in rectal temperature, correlation coefficient of FFA, glucose and lactate levels was -0.322,0.031 and 0.060, respectively. There have been little studies in which NA was injected subcutaneously as a single dose in newborn domestic animals. The dose rate of 0.1mg/kg of body weight in the present experiment was 1/4 to 1/6 of that in newborn lambs5) and piglet6). There was no significant correlation between the change in rectal temperature and any other plasma metabolite level. In the present study, however, the calves were reared under the commercial barn in which ambient temperature was varied widely. It seemed likely that NA-induced thermogenesis might reflect in metabolic rate (O2 consumption) more sufficiently than in rectal temperature, and therefore, it is considered that the changes in plasma metabolite levels are to be estimated together with metabolic rate in the future.
Catecholamine including NA accelerate the release of FFA and glycerol from the adipose tissue by increasing lipolysis of triglyceride store, and raise the level of plasma FFA which is used as an important metabolic fuel for thermogenesis. It is noteworthy that NA-induced elevation in plasma FFA level was lower in younger calves than older ones. However, it seems unlikely that the small rise in FFA level at the early stage may be entirely owing to weak lipolysis by NA. As there is a further evidence that NA-induced elevation in metabolic rate is extremely higher in newborns than in a few weeks old lambs5,7) and calves8), so the region of activated metabolism of newborns may be predominantly brown adipose tissue5, 7, 8) .
There are some differences in NA-induced thermogenic responses between white and brown adipose tissues2,9). DAWKINS and HULL9) reported that the rate of lipolysis in brown fat was approximately three times greater than in white adipose tissue of newborn rabbit. The results in the present experiment were consistent with their conclusion9) that the most of FFA liberated from brown adipose tissue of newborns did not appear as plasma FFA, but it was oxidized or re-esterified in the brown adipose cells. In older calves whose brown adipose tissue was replaced by white adipose tissue8), it was considered that larger amount of FFA might be released into blood stream.
Catecholamine stimulates liver glycogenolysis and thereby elevates plasma glucose level, and it accelerates muscle glycogenolysis, which generates glucose-6-phosphate but not glucose, to raise plasma lactate level. Cold exposure increases plasma glucose and lactate levels in young lambs10), and rabbits9). Sustained elevation in plasma glucose level after NA injection at 1-day of age was peculiar. EDWARDS11) also noted that elevated plasma glucose level by splanchnic stimulation was sustained throughout the experimental period (60min) in 3-12 hours old calves, whereas the glucose level was recovered to initial one within 30-50 minutes in 3-4 weeks old calves. And he12) showed moreover that a disappearance of exogenously injected glucose from the circulation was relatively slow and plasma insulin level remains lower in 24 hours old calves than in 2-4 weeks old calves. NA-induced elevation in plasma glucose level was largest in 18 days old calves. It seems that the hyperglycemic response may be partly influenced by availability of liver glycogen.
Plasma lactate level was higher in 1-day old calves than older ones. We reported that plasma lactate at birth was extremely high in calves, and it declined to adult's level within 1-2 days after birth4). In the present study, however, postnatal development of NA-induced glycogenolysis in muscle and lactate metabolism was not clarified.
The increase in PVC after NA injection was considerably small in younger calves. EDWARDS11) also observed that the rise in PCV by splanchnic stimulation in neonatal calves (0-7 days old) was smaller than that in older ones. And he concluded that this low response might be owing to delayed development of sympathetic innervation in newborn calves.
